Proflavine formed a complex with transforming deoxyribonucleic acid (DNA) from Haemophilus influenzae, with optimal formation at a ratio of proflavine to DNA of 0.06. The rate of dissociation of the complex by dialysis increased in the order: native, denatured, renatured DNA. The transforming activity of the DNA was reduced by its interaction with proflavine. This inactivation was dependent on the physical state of the DNA, the proflavine concentration, and the temperature. DNA that had been denatured and renatured was most sensitive; native DNA was much less sensitive. The inactivation remained after dialysis and was stable to prolonged storage. It is concluded that the inactivation of transforming DNA by proflavine takes place by a mechanism different from that of DNAproflavine complex formation.
Proflavine formed a complex with transforming deoxyribonucleic acid (DNA) from Haemophilus influenzae, with optimal formation at a ratio of proflavine to DNA of 0.06. The rate of dissociation of the complex by dialysis increased in the order: native, denatured, renatured DNA. The transforming activity of the DNA was reduced by its interaction with proflavine. This inactivation was dependent on the physical state of the DNA, the proflavine concentration, and the temperature. DNA that had been denatured and renatured was most sensitive; native DNA was much less sensitive. The inactivation remained after dialysis and was stable to prolonged storage. It is concluded that the inactivation of transforming DNA by proflavine takes place by a mechanism different from that of DNAproflavine complex formation.
Proflavine is mutagenic for bacteriophage (1) and bacteria (4, 7, 14) . The relationship between this effect and DNA-proflavine complex formation envisioned in the tangential (13), intercalation (8) , and modified intercalation models (1, 11) has not been confirmed (9, 12) . We have found that proflavine inactivates transforming DNA from Haemophilus influenzae by a process not reversible by dialysis (3) . In the present paper we describe the dependence of this inactivation upon the secondary structure of DNA, proflavine concentration, and temperature. MATERIALS vine. All of the operations were carried out in the absence of visible light and at a pH of 7.5. The final concentration of DNA was 100 ,g/ml, and the proflavine (600 ug/ml) was added in different volumes to give the final concentrations required (3). The interaction between DNA and proflavine was followed by measuring the absorption spectra from 210 to 500 nm with a Zeiss PMQII or a Cary 15 spectrophotometer and titrating the transforming activity. The solutions were dialyzed at 5°C with stirring against 3.5 liter of 0.15 M NaCl, pH 7.5. The sodium chloride solution was changed at different times of dialysis, at which time samples of the solutions were withdrawn for determination of absorption spectra and transforming activity. Transformation procedure. The overlaying method of Goodgal and Herriott (6) was followed, but brain heart infusion broth (Difco) was use instead of Elev broth.
RESULTS
Interaction of transforming DNA and proflavine in the presence of 0.3 M NaCI. In the presence of 0.3 M NaCl the mixture of proflavine and DNA at a ratio of 0.06 and a proflavine concentration of 6 ,ug/ml showed a Xmax between 458 and 460 nm with native, denatured, or renatured DNA (Fig. 1) . The same result was obtained when the denatured DNA was renatured in the presence of proflavine (labeled denatured-renatured in Fig. 1 ). The absorption of the mixture decreased as the proflavine was removed by dialysis. The rate of proflavine dialysis increased in the following order: native, denatured, denatured-renatured, renatured DNA.
The absorption at 260 nm for all of the DNAproflavine mixtures was less, in general, than the sum of the separate values for DNA and proflavine alone. After dialysis of the proflavine, the absorption of DNA at 260 nm was equal to the absorption of the DNA control (data not shown).
Neither native nor denatured DNA treated with proflavine at 37°C showed a change in transforming activity, before or after dialysis. On the contrary, the transforming activity of renatured DNA was reduced by proflavine; this inactivation remained after dialysis (Table 1) .
Temperature dependence of the inactivation of transforming DNA with proflavine. Figure 2 shows that when a ratio of proflavine to DNA of 0.6 was used, the native DNA was inactivated by proflavine only at 65°C. The renatured DNA in the absence of proflavine was inactivated by temperatures above 37°C. In the presence of proflavine the highest inactivation by the dye was at 37°C; inactivation was less at 45°C and much less at 550 and 65°C (Fig. 2) .
Proflavine concentration dependence of the inactivation of transforming DNA. The transforming activity of DNA decreased as the proflavine concentration increased; this effect was larger on renatured DNA (Table 2 ). Visual observation showed that at the highest ratio of proflavine to DNA the viscosity of renatured DNA was greater than that of native DNA.
Stability of the damage produced by proflavine on transforming DNA. The damage produced by proflavine on DNA was stable; a sample of renatured DNA showed the same residual transforming activity after 2 days of dialysis of the proflavine as it did after 54 days; the same stability was found for the damage produced by proflavine on denatured DNA (Table 3). DAMAGE PRODUCED BY PROFLAVINE ON DNA 1083 DISCUSSION The interaction between native, denatured, and renatured DNA with proflavine in the presence of 0.3 M NaCl and at a ratio of dye to DNA of 0.06 produced a bathochromic effect on the visible absorption spectrum ofproflavine, changing its X,,U, from 443 to 460 nm, indicating the formation of a DNA-proflavine complex. This behavior was the same as the interaction found between DNA and proflavine in 0.15 M NaCl (3). An increase of NaCl concentration produced a decrease of binding of proflavine by DNA (10), although the difference was small between 0.15 and 0.3 M NaCl. It seems that in order to inhibit the formation of the DNA-proflavine complex we need a higher NaCl concentration than 0.3 M.
The renatured or denatured transforming DNA was inactivated by its interaction with proflavine. This inactivation was not reversed when the proflavine was removed by dialysis, and it was not affected by the presence of 0.3 M NaCl (3). During DNA-proflavine complex formation, there was little or no activation of native and denatured DNA (3), although there was clear inactivation of renatured DNA. The inac- tivation of DNA by proflavine increased with increasing concentrations of proflavine, even at levels where there was no further formation of the DNA-proflavine complex (3). The sensitivity of renatured DNA was always higher than that of native DNA.
The permanent inactivation produced by proflavine on renatured DNA was higher at 370C than at 45, 55, or 650C, but at these last three temperatures the DNA was highly inactivated in the absence of proflavine, suggesting that the mechanisms of inactivation by proflavine and heat may involve depurination of DNA (5).
It will be interesting to look in the future for the relationship between the lethal and mutagenic effects of proflavine on H. influenzae (7) and the permanent alterations produced by proflavine on its purified transforming DNA.
